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Abstract 
We form water-in-oil droplets in a microfluidic channel-nozzle geometry for studying the influence of viscosity of 
oil and of different oil classes on the droplet size. We find that the chemical structure of oil dominates over its 
viscosity. Our studies are done on micropatterned glass chips which provide high thermal and chemical stability. 
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1. Introduction 
 Droplet microfluidics deals with the formation and transport of immiscible droplets in a continuous microflow. 
Biological1 and chemical2 research have benefited from the advantages of this technique which generally allows for 
precise handling of liquid volumes in the range of fL to pL. Rapid mixing of reagents, precise timing of reactions 
and fast heat and mass transport represent only a few of the enabled applications. The integration of these 
functionalities on a single chip provides further interest for droplet handling. 
 In contrast to polydisperse bulk emulsions, the miniaturization of flows and geometries enables generating 
droplets with a very small size distribution. Therefore generation of droplets plays a predominant role in droplet 
microfluidics. For this purpose, different techniques have been explored. Two main methods can be distinguished: 
Actuated droplet formation requires an externally powered element that “cuts” a continuous flow in droplets using 
e.g. piezo-electric elements3 or electrowetting structures4. On the other hand, passive droplet formation relies 
exclusively on the controlled merging of two immiscible fluids. Two geometries have been studied: the T-junction, 
where the continuous flow phase hits the disperse phase perpendicularly and shears pieces of it5, and the flow 
focusing nozzle-geometry where droplets are pinched-off from a flow that is surrounded and focused by an 
immiscible fluid6. In passive droplet formation, droplet size can be controlled by the flow rate of the continuous and 
the dispersed phase. 
 Besides these geometrical and fluidic factors, droplet formation is also influenced by the composition of the two 
liquids, in particular by their interfacial tension γ and their viscosities μ. While the interfacial tension can be tailored 
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 by choice of a surfactant and its concentration, the viscosities are intrinsic properties of the fluids and, therefore, a 
good understanding of their influence on droplet generation is necessary. In addition, droplet formation can also 
depend on the chemical structure of the liquids, e.g. on the use of either silicon or hydrocarbon oils. 
 In this study we use a flow-focusing geometry etched in glass to investigate the influence of the oil type and of 
the viscosity on the size of water droplets in different oleic media. In particular, we evaluate the diameter of water 
droplets in four different oils at varying flow rates of the dispersed water phase and the continuous oil phase. 
 While others used T-junctions or flow focusing devices (FFDs) molded in polydimethylsiloxane (PDMS) to 
study droplet formation, we concentrate on a glass-based FFD to assess the influence of oil composition on 
microfluidic droplet generation. As compared to PDMS, glass provides high thermal and chemical stability and 
therefore expands the application range of droplet microfluidics. 
2. Methods and Materials 
All experiments are carried out using a glass chip as depicted in fig. 1. Using standard lithography and bonding 
methods we assemble micropatterned fluidic channels. Holes for fluidic access are made by powder blasting. The 
chips are connected to syringe pumps (neMESYS, Cetoni GmbH, Korbussen) by using tubings and NanoPorts® 
from Upchurch Scientific. To promote formation of water droplets, we hydrophobize the nozzle and the outlet 
channel by impregnating them for 30 minutes with trichloro(1H,1H,2H,2H-perfluorooctyl)silane from Sigma 
Aldrich.  
Droplet formation and transport are observed using a ZeissAxio upright microscope with a digital camera from 
Hamamatsu. Previous to making movies of droplets, the flows are allowed to settle for at least 3 minutes. Analysis 
of droplets is done using imageJ, further data evaluation and representation is done with MATLAB. 
Our experiments are based on four different oils. They are chosen in a way that they cover different compound 
classes as well as different viscosities. In particular, these are the two hydrocarbons dioctyl phthalate (DOP; 
dynamic viscosity μ=43.03 mPa·s) and oleic acid (μ=27.06 mPa·s), both with 0.01%w/w Tween20, perfluorinated 
Fluorinert FC-40 with 0.125%w/w Zonyl® FSO (μ=3.4 mPa·s) and a customized silicon oil based on 
octamethyltrisiloxane (OMTS; μ=4.0 mPa·s) with 0.01% w/w Triton X-100. Surfactant content in Fluorinert is 
adjusted in a way that its surface tension towards water is the same as for OMTS. All compounds are purchased 
from Sigma Aldrich.  
3. 
Figure 1: Experimental setup for generation of monodisperse water-in-oil droplets. Oil and water flows merge in a hydrophobic nozzle and form 
water-in-oil droplets. Scale bar is 500µm. 
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Results and Discussion 
As can be seen in fig. 2 all, four oils are suitable to form monodisperse droplets at oil/water flow rate ratios 
between 0.25 and 50. At lower ratios, the water flow does not pinch off, but extends into the outlet channel without 
droplet formation, whereas above 50, oil pressure is too high for water to reach the nozzle. Deformations of big 
droplets at low relative flow rates are due to geometrical constrictions in the nozzle. When given enough space, 
droplets assume spherical shape.  
On a logarithmic scale, the diameter of droplets (d) decreases linearly with increasing flow ratio, as shown and 
discussed by others6: d~(Qoil/Qwater)- a. We find that DOP and oleic acid have almost equal exponents a (0.13 and 
0.14), whereas a is bigger in the case of FC-40 (a=0.18) and large for OMTS (a=0.57). The two hydrocarbons DOP 
and oleic acid differ in viscosity, but they have a similar chemical structure. The chemical structure of the 
fluorinated oil FC-40 and of the siloxane oil OMTS differ one from another and from DOP and oleic acid, but their 
viscosity is similar. We therefore find that the oil type has a bigger influence on the droplet size than the viscosity of 
the oil. 
The smallest droplets produced with OMTS are ~4 times smaller than the smallest droplets made with any other 
oil, while the biggest water droplets in OMTS are only ~2 times smaller than the biggest droplets in FC40. This 
means that our customized oil allows for the widest range of adjustment of droplet size. 
 
Figure 2: Diameter of monodisperse water-in-oil droplets for  different flow ratios and different oils. The size of droplets decreases exponentially 
with increasing flow rate ratios. Biggest tuning range and smallest droplet size is achieved with OMTS.Composition of oil has a bigger influence 
on droplet diameter than its viscosity. 
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 4. Conclusion 
In conclusion, we have shown that droplet size can be varied by changing flow rate and oleic medium. These 
findings can be of great value for fine-tuning of digital microfluidic applications. Also, our customized oil has 
proven to be a good choice for generation of droplets in a wide size range. 
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